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Specification 



Title o r\t he invention 
Se micon>ductor device and its manufacturing method 
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Technical field 

This inventiion relates to a semiconductor device and its 
manufacturing i^ethod, especially to a reliable technique 
applying for tl\e resin mold package that seals a 
semiconductor chiAmounted on the die pad of a lead frame 



Background techniquk of the invention 

A surface mounted type resin mold package of QFP(QUAD 
FLAT PACKAGE), etc. b>scomes a problem that is important 

15 to prevent the package cra\k that occured in the solder re flow 
process at the time of a suVface mounting of the package. 

After molding a resin by tne transfer mold method, some 
extent of moisture in the atmosphere has penetrated into the 
package because the resin that constitutes a package has 

20 absorbency. Therefore, heat at\the time of a temperature 
cycle test after package completion, moisture in the resin is 
suddenly vaporized and expandea by heat at the time of 
soldering a package to the printed circuit board, and a 
package crack is caused. 

25 



\ 



As for a^package crack that happened like this, it is known 
that it is^specially easy to generate it in the vicinity of the 
interface /\etween the back of a die pad on which a 
s e m i c o n d^u c t\r chip is mounted and a resin surrounding it. 
This is^becau\e the adhesion strength of the metal that 
constitutes a lea\d frame and a resin is relatively weak, and 
especially becaus At he die pad is the widest area in the lead 
frame sealed to the package, a resin breaks away locally from 



the back of the die p ad by the reason why the heat stress 
10 which is occurs by heating the package and moisture has 



accumulated in that port i\o n . 

The Japanese patent Lai\d-open No, Toku-Kai-Syou 63- 
204 753 official gazette and th^e Japanese patent Laid-open No. 
Toku-Kai-Hei 6-216303 official gazette are proposing the 
15 lead frame structure that resVtrains an occurrence of a 
package crack, that is, they are\ proposing the lead frame 

structure which has the die pad whose outward appearance is 

\ 

smaller than that of the semiconduc.tor chip mounted on it. 

\ 

According to this lead frame structure, an interface of a die 
20 pad and a resin becomes small, and the quantity of 
accumulated moisture also becomes small in the interface of 
them. And the occurrence of a package crack in the back 
vicinity of a die pad is restrained because a part of the back 
of a silicon wafer with good adhesion with a resin as compared 
25 with a lead frame comes to touch a resin and makes a direct 
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package crack in the back vicinity of die pad 5 is restrained. 

Further, according to TQFP of this embodiment that formed 
layer of or\anic material 8 that comprises polyimide resins 
that are the \ n sulation materials of the same organic system 
as the epoxy sVstem resin that constitutes the package body 
1 on surface pas\sivation film (final passivation film) 7 that 
covers the top lawyer of conductive wirings 6 of LSI, the 
occurrence of a pacJtage crack in the main surface vicinity of 
semiconductor chip^2 is restrained because the layer of 
organic material 8 with a high affinity (with good adhesion) 
with a resin as compar^ with final passivation film 7 that 
is an inorganic system i n^ ulation material comes to touch a 
resin and makes a direct interface. 

That is, according to TQJFP of this embodiment, good 
adhesion with a resin which oVganizes the package body 1 is 
improved at the both side of t h\ back ofdie pad 5 and ofthe 
main surface of semiconductor cMp 2. Therefore, TQFP that 
reflow crack resistance improved Yan be realized. 

Then, a method of manufacturing "^FP of this embodiment 
composed like above is explained by uS^ing Fig. 4 - Fig. 12 and 
the process flow figure of Fig. 13. 

Fig. 4 is the cross-sectional view that ^hows the main part 
(about one chip) of semiconductor wafer\2A that deposits 
final passivation film 7 on the upper part o^ the top layer of 
conductive wirings 6 of LSI. The top layer of conductive 
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sa\me\prganic system as photo resist film 10 by the bleaching 
t o t h e r^fi s ist removal liquid, and the adhesion strength with 
the r e s i n\ h at constitutes the package body 1 declines. Then, 
in this er^odiment, the good adhesion with a resin is 
5 recovered by\h eating the layer of organic material 8 for 4 
minutes or ^ore at 350 degrees in centigrade high 
temperature for\xample, after removing photo resist film 10. 

Then, the back oNsemiconductor wafer 2A is ground and the 
thickness is thinn e V to 0.4nmiin order to seal semiconductor 

10 chip 2 to the TQFP p\ckage of which a thickness is 1 mm . The 
back grinding of semiconductor wafer 2A is done by fixing 
semiconductor wafer 2A\hat attached surface protect tape 11 
to the main surface side on stage 12 and by grinding the back 
in diamond wheel 13 that ^ high speed turns as it is shown 

15 in for example, Fig. 8. \ 

Then, surface protect tape l\ attached to the main surface 
of semiconductor wafer 2A is pe\led off and cleaning process 
to remove foreign materials such ais an adherent agent is done, 
and then, as it is shown in Fig. 9,Vhe semiconductor chip 2 

20 is gained by attaching adherent sheyet 14 to the side of the 
back of semiconductor wafer 2A and separating it into chips 
by using dicing blade 15. \ 

Then, given semiconductor chip 2 is mouAted on a lead frame. 
As it is shown in Fig. 10, circular die pVd 5 that mounts 

25 semiconductor chip 2 on the central part of l^ead frame LF is 

\ 
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What is claimed is; 

1. A semiconductor device sealing the die pad of a lead frame 
and a semiconductor chip mounted on it with a resin, 
characterized in that the main surface of the semiconductor 
chip is covered by an layer of organic material and an outward 
appearance of the die pad is smaller than that of the 
semiconductor chip. 



2. A semiconductor device according to claim 1, characterized 
in that said layer of organic material is made of polyimide 
resins. 



3. A semiconductor device according to claim 1, characterized 
in that said layer of organic material is made of 
photosensitive polyimide resins. 



4, A semiconductor device according to claim 1, characterized 
in that a passivation film of the inorganic insulation 
materials is formed on the top layer of conductive wirings 
formed on the main surface of said semiconductor chip and 
said layer of organic material is formed on said passivation 
film. 



5. A semiconductor device according to claim 4, characterized 
in that a bonding pad is formed by making an hole to said 



• 



layer of organic material and said passivation film, and said 
bonding pad and a lead of said lead frame are electrically 
connected through a wire. 

5 6. A semiconductor device according to claim 4, characterized 
in that said passivation film is composed of any one of silicon 
oxide film, silicon nitride film or those lamination films. 

7. A semiconductor device according to claim 1, characterized 
10 in that said lead frame comprises the Fe-Ni alloys or Cu. 

8. A method for making a semiconductor device characterized 
by comprising steps of: 

(a) making a passivation film of the inorganic insulation 
15 materials on a top layer of conductive wirings after forming 

the top layer of conductive wirings on the main surface of a 
semiconductor wafer, and then making an layer of organic 
material on said passivation film, 

(b) making a bonding pad by holing said layer of organic 
20 material and said passivation film on said top layer of 

conductive wirings by the etching that makes a photo resist 
film formed on said layer of organic material a mask, 

(c) heating said layer of organic material after removing said 
photo resist film by using a resist removal liquid, 

25 (d) making a semiconductor chip by dicing said 

24 



semiconductor wafer, 

(e) mounting said semiconductor chip on a die pad after 
preparing a lead frame with said die pad with an outward 
appearance that is smaller than that of said semiconductor 
chip , 

(f) sealing said semiconductor chip and said die pad by resin 
mold. 

9. A method for making a semiconductor device according to 
claim 8, characterized in that said resist removal liquid 
includes the phenol system solvent as the main component. 

10. A method for making a semiconductor device according to 
claim 8, characterized in that it is further provided between 
the step (c) and the step (d), thinning a thickness of said 
semiconductor wafer by grounding the back of said 
semiconductor wafer in the state that the main surface of 
said semiconductor wafer is covered with the second photo 
resist film and a protect tape and then heating said layer of 
organic material. 

11. A method for making a semiconductor device, 
characterized by comprising the steps of: 

(a) making a passivation film of the inorganic insulation 
materials on a top layer of conductive wirings after forming 




the top layer of conductive wirings on the main surface of a 
semiconductor wafer, and then making an photosensitive 
polyimide resin layer on said passivation film, 

(b) making a hole to said photosensitive polyimide resin layer 
5 formed on said top layers of conductive wirings by exposing 

and developing said photosensitive polyimide resin layer, 

(c) making a bonding pad by holing said passivation film 
formed on the said top layer of conductive wirings by etching 
method using said photosensitive polyimide resin layer 

10 having said hole as a mask, 

(d) heating said photosensitive polyimide resin layer to the 
high temperature, 

(e) making a semiconductor chip by dicing said semiconductor 
wafer, 

15 (f) preparing a lead frame with a die pad with a outward 
appearance that is smaller than that of said semiconductor 
chip, and then mounting said semiconductor chip to said die 
pad, 

(g) sealing said semiconductor chip and said die pad with 
20 resin. 
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ABSTRACT OF THE INVENTION 



The occurrence of a package crack in the back vicinity ofa die 
5 pad is restrained by making the outward appearance of the 
die pad of a lead frame smaller than that of a semiconductor 
chip which is mounted on it, and also the occurrence of a 
package crack in the main surface vicinity of the 
semiconductor chip is restrained by forming a layer of 
10 organic material with good adhesion property with the resin 
that constitutes the package body on the final passivation 
film (final passivation film) that covers the top layer of 
conductive wirings of the semiconductor chip. 
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I X I in the demand filed with the International preliminary Examining Authority on: 

20 March 1998 (20.03.98) 



I I in a notice effecting later election filed with the International Bureau on: 
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□ 



was not 



made before the expiration of 1 9 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 
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Facsimile No.: (41-22)740.14.35 



Authorized officer: 
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Applicant's or agent's file reference 
319600530971 


SeeNotificationofTransmittaloflntemational Preliminary 
FOR FURTHER ACTION Examination Report (Form PCT/IPEA/4 1 6) 


International application No. 


International filing date {day /month/year) 


Priority date {day /month/year) 


PCT/JP98/01219 


20 March 1998 (20.03.98) 




International Patent Classification (IPC) or national classification and IPC 




HO IL 23/50 






Applicant 


HITACHI, LTD. 





This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 



. sheets, including this cover sheet. 



^ This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have been 



amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see Rule 
70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of _ 



sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 
Certain defects in the international application 
Certain observations on the international application 
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III 
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IV 
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V 




VI 


□ 


VII 


□ 


VIII 
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Date of submission of the demand 

20 March 1998 (20.03.98) 


Date of completion of this report 

09 February 1999 (09.02.1999) 


Name and mailing address of the IPEA/JP 
Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/IPEA/409 (cover sheet) (July 1998) 



ntemational application No. 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT I PCT/JP98/0 1219 



I. Basis of the report 



1 . With regard to the elements of the international application:* 
I [ the international application as originally filed 

the description: 

pages 2-6,9-12 , as originally filed 

pages , filed with the demand 

pages 1,7,8,8/1 , filed with the letter of 1 1 May 98, 1 7 July 98, 11.01 .99 

the claims: 

pages 2-4,6,8-10 , as originally filed 

pages , as amended (together with any statement under Article 19 

pages , filed with the demand 

pages 1,5,7,11-21 , filed with the letter of 1 1 January 1999 (1 1.01.1999) 

the drawings: 

pages 1-17 , as originally filed 

pages , filed with the demand 

pages , filed with the letter of 



I I the sequence listing part of the description: 

pages ^ as originally filed 

pages ^ filed with the demand 

pages , filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

I I the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

I I contained in the international application in written form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readable form. 

I I The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

I I The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

I I The amendments have resulted in the cancellation of: 

I I the description, pages 

I I the claims, Nos. 



I I the drawings, sheets/fig . 



^ I I This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
' — ' beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70. J 6 
and 70.17). 

**Any replacement sheet containing such amendments must be referred to under item J and annexed to this report. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) 

Inventive step (IS) 
Industrial applicability (lA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



3-6, 8-21 



1, 2, 7 



1-21 



1-21 



YES 
NO 
YES 
NO 

YES 
NO 



Citations and explanations 

Claims 1, 2 and 7 are not novel because they are 
disclosed in Document 1 cited in the international search 
report (JP, 9-162330, A (Hitachi, Ltd.), June 20, 1997 
(20,06.97), paragraphs [0031], [0034] and [0037]). 



Claims 3-6 and 8-12 do not involve an inventive step 
because they could easily be invented by a person sJcilled 
in the art by drawing on the inventions disclosed in 
Document 1 and Document 2 (JP, 59-232424, A (Hitachi, 
Ltd.), December 27, 1984 (27.12.84), claims) cited in the 
international search report. 
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